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Description 
TECHNICAL FIELD 

$ [8001:] The present invention relates to a honeycomb filter and a ceramic filter assembly, and more particularly, to a 
honeycomb fitter formed from a sintered ceramic body and an integral ceramic filter assembly produced by adhering a 
plurality of honeycomb filters to one another. 

BACKGROUND ART 

w 

[0002] The number of automobiles has increased drastically this century. As a result, the amount of gas discharged 
from automobile engines has continued to increase proportionally. Various substances suspended in the exhaust gas 
that is emitted, especially from diese) engines, cause pollution and severely affect the environment. Further, recently 
reported research results have shown mat the fine particles suspended in gas emissions {diesel partfcsulates) may cause 
's allergies or decrease sperm counts. Thus, actions to eliminate the fine particles suspended in gas emissions must 
immediately be taken for fee sake of mankind. 

[9003] Due to this situation, many exhaust gas purification apparatuses have been proposed in the prior art. A typical 
exhaust gas purification apparatus includes a casing, which is located in an exhaust pipe connected to an exhaust 
manifold of an engine, and a filter, which is arranged in the casing and has fine pores. In addition to a metal or an alloy, 

20 tie filter may be formed from ceramic. A cordierite honeycomb filter is a known example of a ceramic filter. Recent fitters 
are often formed from sintered porous silicon carbide body that is advantageous from the viewpoints of heat resistance 
and mechanical strength, has a high accumulating efficiency, is chemically stable, and has a small pressure loss. 
[00043 The pressure loss refers to the difference between the pressure value token upstream of the filter and the 
pressure value taken downstream of the filter. Amain cause of power loss is the resistance the exhaust gas encounters 

25 when passing through a filter. 

[0005] The honeycomb filter includes a plurality of ceils extending along the axial direction of the honeycomb fitter. 
When the exhaust gas passes through the filter, the walls of the cells trap fine particles. This removes fine particles from 
the exhaust gas. 

[0006] However, the honeycomb filter, which is made of a sintered porous silicon carbide body, is vulnerable to thermal 
so impacts. Thus, larger filters are liable to crack. Accordingly, a technique for manufacturing a large ceramic filter assembly 

by integrating a plurality of small filters has recently been proposed to prevent breakage resulting from cracks. 

[0007] A typical method for manufacturing a ceramic filter assembly will now be discussed. First, ceramic raw material 

is continuously extruded from a mold of an extruder to form an elongated square honeycomb molded product. After the 

honeycomb fitter is cut into pieces of equal length, the cut pieces are sintered to form a filter. Subsequent to the sintering 
3S process, a plurality of the filters are bundled and integrated by adhering the outer surfaces of the filters to each other 

with a ceramic seal layer having a thickness of 4 to 5mm. This completes the desired ceramic filter assembly. 

[0008] A mat-like thermal Insulative material, made of ceramic fiber or the like, is wrapped about the outer surface of 

the ceramic filter assembly. In this state, the assembly is arranged In a casing, which is located in an exhaust pipe. 

[0009] However, in the prior art, there is a shortcoming in that the fine particles trapped In the ceramic fitter assembly 
"0 do not burn completely and some of the fine particles remain unburned. Accordingly, the efficiency for processing the 

exhaust gas is low. 

[0010] Further, the honeycomb filter of the prior art has corners. Thus, there Is a tendency of stress concentrating on 
the corners of the outer surface and chipping the corners. Further, the seal layer may crack and break the ceramic fitter 
assembly from the corners thereby damaging the entire ceramic filter assembly. Even if the assembly does not break, 
& there is a shortcoming in mat leakage of the exhaust gas may decrease the processing efficiency. 

[0011] During usage of the filter assembly, a high temperature difference between the honeycomb filters may cause 
thermal stress to crack the honeycomb filters and break the entire assembly. Thus, the strength of each honeycomb 
filter must be increased to increase the strength of the honeycomb filter assembly. 

[0012] The prior art ceramic fitter assembly as a whole has a rectangular cross-section. Thus, the periphery of the 
so assembly Is cut so that the assembly as a whole has a generally round or oval cross-section. 

[001 3] However, the filter has a plurality of cells. Thus, if the periphery of the assembly Is cut, the ceil walls are exposed 
from the peripheral surface subsequent to the cutting. This forms lands and pits on the peripheral surface. Thus, even 
if the assembly is accommodated in the easing with the thermal insulative material attached to the peripheral surface of 
the assembly, gaps are formed in the longitudinal direction of the filters. Thus, exhaust gas tends to teak through the 
55 gaps. This lowers the processing efficiency of the exhaust gas. 

[00141 With regard to diese! particulates trapped in the honeycomb filter, it has been confirmed that particulates having 
a small diameter have a high lung attaching rate and increase the risk to health. Thus, there is great need to trap small 
particulates. 
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[001 SJ However, when the pore diameter and the porosity of the honeycomb filter are smalt, the honeycomb filter 
becomes too dense and hinders smooth passage of the exhaust gas, which, in turn, increases the pressure loss. This 
lowers the driving performance of the vehicle, towers fuel efficiency, and deteriorates the driving performance. 
[0016] On the ottier hand, if the pore diameter and porosity rate are increased, the above problems are solved. 
However, the number of openings in the honeycomb filter becomes too large. Thus, fine particles cannot be trapped. 
This decreases the trapping efficiency. Further, the mechanical strength of the honeycomb filter becomes iow. 
|0O17] USS.914.187 discloses an integral ceramic filter assembly produced by adhering with a ceramic seal layer 
outer surfaces of a plurality of filters, each of which is formed from a sintered porous ceramic body comprising a mixture 
of a- and $- silicon carbide. 

[0010] It is a first object to provide a ceramic filter assembly having an improved exhaust gas processing efficiency. 
[0010] It is a second object of the present invention to provide a ceramic filter assembly having superior strength. 
[0020] It is a third object of the present invention to provide a ceramic filter assembly that prevents fluid leakage from 
the peripheral surface. 

[0021] tt is a fourth object of the present invention to provide a honeycomb filter having small pressure loss and superior 
mechanical strength. 

SUMMARY OF THE INVENTION 

[0022] The present invention provides an integral ceramic fitter assembly produced by adhering with a ceramic seai 
layer outer surfaces of a plurality of filters, each of which is formed from a sintered porous ceramic body, characterised 
in that the only ceramic material used to form the filter is H-sHicon carbide, and the seal layer has a thickness of 0.3mm 
to 3mm and a thermal conductance of 0.1W/mK to 10W/mk. 
[0023] The filters may be elongated polygonal honeycomb filters. 

[0024] Round surfaces may be defined on chamfered corners of the outer surface of each honeycomb filter, the round 
surfaces having a radius of curvature R of 0.3 to 2.5mm. 

[0025] The ceramic filter assembly may include a ceramic smoothing layer applied to the outer surface of the assembly, 
which as a whole may have a generally circular cross-section or generally oval cross-section. 
[002C] The fitters may be elongated honeycomb filters, each of which is formed from a sintered porous ceramic body, 
and has a ratio US between a filter length L in a flow direction of a processed fluid and a filter cross-section S in a 
direction perpendicular to the flow direction of 0.06mm/mm 2 to 0.75mm/mm 2 . 

[0027] The filters may be honeycomb filters, each of which has a plurality of ceils defined by a cell wall and which 
purifies fluid including particulates with the cell wall. A specific surface area of grains forming the cell wall may be 0. 1 m 2 /g 
or more. 

[0028] The filter may be a honeycomb filter having an average pore diameter of 5 to 15 fi m, an average porosity of 
30 to 50%, and 20% or more of through pores. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] 

Fig, 1 is a schematic view showing an exhaust gas purification apparatus according to a first embodiment of the 
present invention. 

Fig. 2 is a perspective view showing a ceramic filter assembly of the exhaust gas purification apparatus of Fig. 1 . 

Fig. 3 is a perspective view showing a honeycomb filter of the ceramic filter assembly of Fig. 2. 

Fig. 4 is an enlarged cross-sectional view showing the main portion of the exhaust gas purification apparatus of Fig. 1 . 

Fig. 5 is an enlarged cross-sectional view showing the main portion of the ceramic filter assembly of Fig. 2. 

Fig. 6 is an enlarged cross-sectional view showing the main portion of a ceramic filter assembly of a first modified 
example. 

Fig. 7 is a perspective view showing a honeycomb filter according to a second embodiment of the present invention. 
Fig. 8 is an enlarged eross-sectional view showing the main portion of a ceramic filter assembly. 
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[0035] The ceramic filter assembly 9 eliminates dtesel particulates and it thus normally referred to as a rfiesel particulate 
Rlter (0PF). As shown in Fig. 2 and Fig. 4, the assembly 9 is formed by bundling and integrating a plurality of fitters F. 
Elongated square fitters F1 are arranged at the central portion of the assembly 9, and the outer dimension of the elongated 
square filter F1 is 33mmx33mmx1 67mm (refer to Fig. 3). Filters F1 that have forms differing from the elongated square 
s filters Ft are arranged about the elongated square filters F1 . This forms the ceramic filter body 9, which as a whole, is 
cylindrical {diameter being about 135mm). 

[0036J These filters Ft are made of a sintered porous silicon carbide, which is one type of sintered ceramic. The 
reason for employing sintered porous silicon carbide is because it is advantageous especially in that it has superior heat 
resistance and heat conductance. 

w [0037] As shown in Fig. 3 and the other drawings, the filters F1 have a honeycomb structure. The reason for employing 
the honeycomb structure is in that the pressure loss is small when the trapped amount of fine particles increases. Each 
filter ft has a plurality of through holes 12, which have generally square cross-sections and are arranged regularly 
extending in the axial direction. The through holes 12 are partitioned from each other by thin cell walls 13. The outer 
surface of the celt wall 13 carries an oxide catalyst formed from a platinum group element {such as Pt) or other metal 
elements and (here oxides. The opening of each through hole 12 on one of the end surfaces 9a, 9b is sealed by a sealing 
body 14 (sintered porous silicon carbide body). Accordingly, the end surfaces 9a, 9b have a chessboard appearance. 
Thus, the filters F1 have a plurality of cells having square cross-sections. The cell density is about 78/cm (200/inch), the 
thickness of the cell wall 1 3 is about 0.3mm, and the cell pitch is about 1 ,8mm. Among the plurality of cells, about half 
are opened to the upstream end surface 9a, and the others are opened at the downstream end surface 9b. 

20 [®03S1 The average porous diameter of the filter Ft is about 1 ^itm-SOjttm, and more particularly, 5/im-2u>m. If the 
average pore diameter is less than 1 fim, the deposited fine particles tend to clog the filter F1. If the average pore 
diameter exceeds 50 pm, fine particles would not be trapped:and would decrease the (rapping efficiency. 
[8039] It is preferred that the porosity rate be 30% to 70%, and more particularly, 40% to 60%. If the porosity rate is 
tower than 30%, the filter F1 becomes too fine and may hinder the circulation of exhaust gas therein. If the porosity rate 

2$ exceeds 70%, the amount of gaps in the filters F1 becomes too targe. This may decrease the strength of the filters ft 
and decrease the fine particle trapping efficiency. 

[0040] When selecting the sintered porous silicon carbide , it is preferred that the heat conductance of the filter F1 be 
20W/mK to 80W/mK, and more particularly, 3QW7mK to 70W/mK. 

[0041] Referring to Figs. 4 and 5, the outer surfaces of a total of 16 filters F are adhered to one another by means of 
30 a ceramic sea! layer 1 5. 

[0042] The ceramic seal layer 15 will now be described in detail. 

[0043] The heat conductance of the seal layer 1 5 is 0. 1 W/mK-1 OW/mK, and preferably 0.2W/mK-2W/mK. 
[0044] If the heat conductance is less than 0.1W/mK, the heat conductance of the seal layer 1 5 cannot be sufficiently 
Improved. Thus, the seal layer 15 continues to be a large resistance and hinders heat conduction between filters F1. 
35 On the other hand, if the heat conductance exceeds 1 0W/mK, properties such as adhesion and heat resistance may be 
degraded and cause manufacturing to be difficult. 

[9045] It is required that the thickness t1 of the seal layer 1 5 be 0.3mm-3mm. Further, it is preferred that the thickness 
be Q.Smm-2mm. 

[0046] K to® thickness t1 exceeds 3mm, the seal layer 15 continues to be a large seal layer 15 even if the heat 

40 conductance is high and the heat conductance between the filters F1 is hindered. In addition, the ratio of the assembly 
9 occupied by the filters F1 would relatively decrease and lower the filtration capacity. On the other hand, if the thickness 
t1 of the seal layer 15 is less than 0.3mm, the seal layer 15 would not become a large resistance. However, the force 
adhering the filters F1 to each other may become too low and cause the assembly 9 to be vulnerable to breakage. 
[0047] The seat layer 1 5 is formed from at least an inorganic fiber, an inorganic binder, an organic binder, and inorganic 

45 particles. Further, it is preferred that the seal layer 15 be an elastic material formed by binding Inorganic fibers and 
inorganic particles, which tbree-dimensionaily intersect one another, with an inorganic binder and an organic binder. 
[0048] At least one type of ceramic fiber selected from silica-alumina fiber, mullite fiber, alumina fiber, and silica fiber 
are selected as the inorganic fiber included in the sea! layer 15. Among these fibers, rt is most preferred that silica- 
alumina eeramicfiber be selected. Silica-alumina ceramic fiber has superior elasticity and serves to absorb thermal stress. 

so [0049] In this case, the content of the silica-alumina ceramic fiber in the sea! layer 15 is 1Qwt%-7Gwt%, preferably 
1©wf%-40wt%,and more preferably 20wt%-30wt%. If the content is less than 10wt%, the thermal conductivity decreases 
and the elasticity decreases. If the content exceeds 70%, the thermal conductivity and elasticity decrease. 
[0050] The shot content of the silica-alumina ceramic fiber is 1wt%-1Gwt%, preferably 1wt%-5wt%, and more preferably 
1wt%-3wt%. If the shot content is less than 1 wt%, manufacture is difficult, and if the shot content is 50wt%, the outer 

$5 surface of the filter Ft may be damaged. 

[0051] The fiber length of silica-alumina ceramic fiber is 1mm-10mm, preferably 1mm-50mm, and more preferably 
1mm-20mm. If the fiber length is 1 mm or less, there is a disadvantage in that an elastic structure cannot be formed. If 
the fiber length exceeds 100mm, there is a disadvantage in that the fiber may produce balls of fibers and decrease the 
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dispersion of inorganic fine particles. Further, if »ie fiber length exceeds 100mm, it becomes difficult to make the seal 
layer thinner than 3mm and to improve the heat conductance between the filters F1 . 

[0052] It is preferred that the inorganic binder included in the seal layer 15 be a colloidal sol selected from at least 
one of silica sot and alumina sol. It is especially preferred that silica sol be selected. This is because silica sol is optimal 
s for use as an adhesive agent under high temperatures since it is easily obtained easily sintered to St0 2 . In addition, 
silica sol has a superior insulative characteristic. 

[0053] !n this ease, the content of silica so! in the seal layer 15 as a solid is 1wt%-30wt%, preferably 1wt%-15wt%, 
and more preferably 5wt%-9wt%. If the content is less than 1 wt%, the adhesive strength decreases. On the other hand, 
if the content exceeds 30wt%, the thermal conductivity decreases. 
10 [0054] It is preferred that the organic binder included In tiie seal layer 15 be a hydrophilic organic high polymer and 
also be preferred that the organic binder be a polysaccharide selected from at least one of poly vinyl alcohol, methyl 
cellulose, ethyl cellulose, and carboxymethyi cellulose. It is especially preferred that carboxyraethyi cellulose be selected. 
This is because the seal layer 15 has optimal fluidity due to carboxymethyi cellulose and thus has superior adhesion 
under normal temperatures. 

is [flOSSJ In this case, the content of carboxymethyi cellulose as a solid is 0.1wt%-5.0wt%, preferably O.2wt%-1.0wt%, 
and more preferab!y0.4wt%-Q.6wt%. If the content is less than 0.1wt%, sufficient inhibition of migration becomes difficult. 
Migration refers to a phenomenon in which tie binder in the seal layer 15 moves as the solvent is removed as it dries 
when the seal layer 15 charged between the seated bodies hardens. If the content exceeds 5.0wr%, high temperature 
bums and eliminates the organic binder and decreases the strength of the seal layer 15. 

20 [0056] It Is preferred that tie inorganic particles included in the seal layer 15 be an inorganic powder or an elastic 
material employing a whisker that is selected from at least one of silicon carbide, silicon nitride, and boron nitride. Such 
carbide and nitrides have an extremely high thermal conductivity and, when included in the surface of a ceramic fiber 
or in the surface of inside a colloidal sol, contributes to increasing the thermal conductivity. 

[0057] Among the above carbide and nitrides, it is especially preferred that the silicon carbide powder be selected. 
2$ This is because the thermal conductivity of silicon carbide is extremely high and easily adapts to ceramic fiber. In addition, 
the filter F1 , which is the sealed body, is made of sintered porous silicon carbide. Thus, it is preferred that the same type 
of silicon carbide powder be selected. 

JO0S8J In this case, it is preferred that the content of the silicon carbide powder as a solid be 3wt%-€0wt%, preferably 
10wt%-60wt%, and more particularly, 20wt%-40wt%. If the content is 3wt% or less, the thermal conductivity of the seal 
30 layer 15 decreases and results in the seal layer 15 having a large heat resistance. If the content exceeds 80wt%, the 
adhesion strength decreases when the temperature is high. 

[0059] The grain diameter is 0.01/tm-100^m, preferably 0.Vm-15/im, and more preferably 0.1 ^m-10^m. If the grain 
diameter exceeds 10G^m, the adhesion and thermal conductivity decrease. If the grain diameter is less than O.OVm. 
the cost of the seal material 15 increases. 

35 [0060] The procedure for manufacturing the ceramic filter assembly 9 will now be discussed 

[0061] First, a ceramic raw material slurry used during an extrusion process, a sealing paste used during an end 
surface sealing process, and a sea! layer formation paste used during a filter adhesion process are prepared. 
[0062] The ceramic raw material slurry is prepared by combining and kneading predetermined amounts of an organic 
binder and water with silicon carbide particles. The sealing paste is prepared by combining and kneading an organic 

to binder, a lubricative agent, a plastic agent, and water with silicon carbide powder. The seal layer formation paste is 
prepared by combining and kneading predetermined amounts of an inorganic fiber, an inorganic binder, an organic 
binder, and inorganic particles, and water. 

[0063] Next, the ceramic raw material slurry is put into an extruder and continuously extruded from a mold. Afterward, 
the extruded honeycomb motded product is cut into equivalent lengths to obtain elongated square honeycomb molded 
« product pieces. Further, a predetermined amount of sealing paste is charged into one of the openings of each cell in 
the cut pieces such that both end surfaces of each cut piece is sealed. 

[0064] Then, main sintering is performed by setting predetermined conditions, such as the temperature and time, to 
completely sinter the honeycomb molded pieces and the sealing' bodies 14. All of the sintered porous silicon carbide 
filters F1 obtained in this manner are still square pole-shaped. 
so [0065] The sintering temperature is set to 2, 1 00 e C to 2.300X in the present embodiment to obtain the average pore 
diameter of 6/tm-1S/tm and a porosity of 35% to 50%. Further, the sintering time is set to 0.1 hours to 5 hours. Further, 
the interior of a furnace has an inert atmosphere during sintering, and the pressure in that atmosphere is the normal 
pressure. 

[0066] Then, after forming a ceramic bedding layer to the outer surface of the filters F1 as required, the seal layer 
ss formation paste is applied thereto. The outer surfaces of sixteen of such filters Ft are adhered to each other and thus 
integrated. 

[0067] In the following outer form cutting process, the assembly 9, which has been obtained through the filter adherence 
process and has a square cross-section, is ground to form the outer shape of the assembly 9 by eliminating, unnecessary 
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sections from the peripheral portion of the assembly 9 and form the ceramic fitter assembly 9, which cross-section is round. 
[0068] The fine particle trapping performed by the ceramic filter assembly 9 will now be described briefly. 
P069J Tne ceramic filter assembly 9 accommodated in the casing 9a is supplied wits exhaust gas. The exhaust gas 
supplied via the first exhaust pipe 6 first enters the ceils that are opened at the upstream end surface 9a. The exhaust 

s gas then passes through the eel! wall 13 and enters »ie adjacent cells, or the ceils that are opened at the downstream 
end surface 9b. From the openings of these cells, the exhaust gas flows out of the downstream end surfaces 9b of the 
filters F1 . However, the fine particles included in the exhaust gas do not pass through the cell walls 1 3 and are trapped 
by the cell wails 13. As a result, the purified gas is discharged from the downstream end surface 9b of the filters F1. The 
purified exhaust gas then passes through the second exhaust pipe 7 to be ultimately discharged into the atmosphere. 

10 The trapped fine particles are ignited and burned by the catalytic effect that occurs when the internal temperature of the 
assembly 9 reaches a predetermined temperature. 

{Example 1-1) 

1S [0070] 

(1 ) 51 .Swt% of a silicon carbide powder having an average grain diameter of tO^m and 22wt% of a silicon carbide 
powder having an average grain diameter of 0.5/im were wet-mixed. Then, 6,5wt% of the organic binder (methyl 
cellulose) and 20wt% of water were added to the obtained mixture and kneaded. Next, a small amount of the plastic 

20 agent and the lubricative agent were added to the kneaded mixture, further kneaded, and extruded to obtain the 

honeycomb molded product. More specifically, the a silicon carbide powder having an average particle diameter of 
about 10/tm was produced by Yakushima Denkou Kabushiki Kaisha under the product name of C-1000F, and the 
a silicon carbide powder having an average particle diameter of about O.S/tm was produced by Yakushima Denkou 
Kabushiki Kaisha under the product name of GC-1S. 

(2) Then, after drying the molded product with a microwave dryer, the through holes 1 2 of the molded product was 
seated by the sealing paste made of sintered porous silicon carbide. Afterward, the sealing paste was dried again 
with the dryer. After the end surface sealing process, the dried body was degreased at 400"C and then sintered for 
about three hours at 2.200X in an argon atmosphere at the normal pressure. This obtained the porous, honeycomb, 

so silicon carbide filters F1. 

(3) 23.3wt% of a ceramicfiber (alumina silicate ceramic fiber, shot content 3%, fiber length 0.1 mm-1 00mm), 30.2wt% 
of silicon carbide having an average grain diameter of 0.3/im, 7wt% of silica sot (the converted amount of Si0 2 of 
the so! being 30%) serving as the inorganic binder, 0.5wt% of carboxymethyl cellulose serving as the organic binder, 

35 and 39wt% of water were mixed and kneaded. The kneaded material was adjusted to an appropriate viscosity to 

prepare the paste used to form the seal layer 1 5. 

(4) Then, the seal layer forming paste was uniformly applied to the outer surface of the filters F1. Further, in a state 
in which the outer surfaces of the filters F1 were adhered to one another, the filters F1 were dried and hardened 

io under the condition of SO'C to 1 00°C x 1 hour. As a result, the seal layer 1 5 adhered the filters F1 to one another. 

The thickness t1 of the seal layer 15 was set at 0.5mm. The heat conductivity of the seal layer 15 was 0.3W/mK. 

(5) Next, the peripheral portion was cut to shape the peripheral portion and complete the ceramic filter assembly 9, 
which has a round cross-section. 

4S 

[00713 Then, the thermal insulative material 1 0 is wound about the assembly 9 obtained in the above manner. In this 
state, the assembly 9 is accommodated In the casing 8 and actually supplied with exhaust gas. After a predetermined 
time elapses, the assembly 9 is removed and cut at a plurality of locations. The cut surfaces were observed with the 
naked eye. 

so [0072] Consequently, residuals of the fine particles were not confirmed at the peripheral portion of the assembly 9 
(especially, the peripheral portion near the downstream end surface) where there is a tendency for unbumed particles 
to remain. The fine particles were of course completely burned at other portions. It is considered that such results are 
obtained because the usage of the seal layer 1 5 prevents the conductance of heat between the filters F1 from being 
decreased and the temperature sufficiently increases at the peripheral portion of the assembly 9. Accordingly, in example 

ss 1-1 , it ts apparent that exhaust gas was efficiently processed . 
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(Examples 1-2, 1-3) 

[0073] In example 1-2, the eeramie filter assembly 9 was prepared by setting the thickness t1 of the seal layer 15 at 
1 .Omm. The other conditions were basically set in accordance with example 1 -1 . In example 3, tie ceramic filter assembly 
9 was formed by setting the thickness t1 of ttie seal layer 15 at 2.5mm. The other conditions were basically set in 
accordance with example 1-1 . 

[00741 Then, the obtained two types of assemblies 9 were used for a certain period, and the cut surfaces were observed 
with the naked eye. The same desirable results as example 1-1 were obtained. Thus, it is apparent that the exhaust gas 
was efficiently processed in examples 1-2 and 1-3. 

(Example 1-4} 

[0075] !n example 1-4, the employed seat layer forming paste was prepared by mixing and kneading 25wt% of a 
ceramic fiber (mulltte fiber, shot content rate 5wt%, fiber length 0. 1 mm-IOOmm), 30wt% of silicon nitride powder having 
an average grain diameter of 1 .0pm s 7wt% of alumina so! (the conversion amount of alumina so! being 20%) serving 
as an inorganic binder, 0.5wt% of poly vinyl alcohol serving as an organic binder, and 37.5wt% of alcohol. The other 
portions were formed in accordance with example 1-1 to complete the ceramic filter assembly 9. The thickness t1 of the 
seal layer 15 was set at 1 .0mm. The thermal conductivity of the seal layer 15 was 0.2W/mK. 
[097S] Then, the obtained assembly 9 was used for a certain period, and the cut surfaces were observed with the 
naked eye. The same desirable results as example 1 were obtained. Thus, it is apparent that the exhaust gas was 
efficiently processed in example 4. 

(Example 1-5) 

[0077] In example 1-5, the employed seal layer forming paste was prepared by mixing and kneading 23wt% of a 
eeramie fiber (alumina fiber, shot content rate 4wt%, fiber length 0.1 mm-1 00mm), 35wt% of boron nitride powder having 
an average grain,diameter of 1 /am, 8wt% of alumina sot (the conversion amount of alumina sol being 20%) serving as 
an inorganic binder, 0.5wt% of ethyl cellulose serving as an organic binder, and 35.5wt% of acetone. The other portions 
were formed in accordance with example 1 to complete the ceramic fitter assembly 9. The thickness t1 of the seat layer 
15 was set at 1 .Omm. The thermal conductivity of the seal layer 1 5 was 2W/mK. 

[0078] Then, the obtained assembly 9 was used for a certain period, and the cut surfaces were observed with the 
naked eye. The same desirable results as example 1 were obtained. Thus, it is apparent that the exhaust gas was 
efficiently processed in example 5. 

[0079] The eeramie filter assembly 9 of the first embodiment has the following advantages: 

(1) in each example, the thickness t1 of the seal layer 15 is set in the preferable range of 0.3mm-3mm. and the 
thermal conductivity of the seal layer 15 is set in the preferable range of 0.1W/mK-10W/mK. This improves the 
thermal conductivity of the seal layer and prevents me thermal conductivity between Hie filters F1 from being de- 
creased. Accordingly, heat is uniformly and quickly conducted to the entire assembly 9. This prevents a temperature 
difference from being produced in the assembly 9. Accordingly, the thermal uniformity of the assembly 9 Is increased 
and the occurrence of locally unburned particles is avoided. The exhaust gas purification apparatus 1, which uses 
the assembly 9, has superior exhaust gas processing efficiency. 

Further, if the thickness t1 and the thermal conductivity is within the above range, basic properties, such as adhe- 
siveness and heat resistance remain the same. This avoids the manufacturing of the seal layer 15 from becoming 
difficult. Further, since the seal layer 15 serves to adhere the filters F1 to one another, breakage of the assembly 9 
Is avoided. In other words, the assembly 9 is relatively easy to manufacture and has superior durability. 

(2) The sea! layer 15 in each example contains as a solid 10wt%-70wt% of ceramic fibers. This enables the seal 
layer 1 5 to have high therma! conductivity and elasticity. Thus, the thermal conductivity between filters F1 is improved, 
and the thermal conductivity of the assembly 9 is further increased. 

(3) The seal layer 15 in each example contains ceramic fibers, the lengths of which are 100mm or shorter. Accordingly, 
the thickness t1 of the seal layer 15 may be set to 3mm or less without any difficulties. This increases the heat 
conductivity between the filters F1 , and thus contributes to the thermal uniformity of the assembly 9. 

(4) The seal layer 15 in each example contains as a solid 3wt%-80wt% of inorganic particles. Thus, the seal layer 
1 5 has high thermal conductivity. This increases the heat conductivity between the filters F1 and contributes to the 
thermal uniformity of the assembly 9. 
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(S) The seal layer 1 5 in the above examples are formed from at least an inorganic fiber, an inorganic binder, an 
organic binder, and inorganic particles. Further, the sea! layer 15 is made of an elastic material formed by joining 
three-dimensionally intersecting the inorganic fibers with the inorganic particles with an inorganic binder and an 
organic binder. 

[0080J Such material has the advantages described below. Sufficient adhesion strength is obtained in a tow temperature 
range and a high temperature range. Further, the material is elastic. Thus, when thermal stress is applied to the assembly 
9, the release of the thermal stress is ensured. 

[0081] The first embodiment of the present invention may be modified as described below. 

(a) The number of the filters F1 is not limited to 16 and may be any number. In this case, filters F1 having different 
dimensions and shapes may be combined. 

(b) With reference to Fig. 6, in a ceramic filter assembly 21 of a further embodiment, the fitters F1 are offset from 
one another In a direction perpendicular to the filter axial direction, and the fitters F1 are adhered by the sea) layer 
15. in this case, the filters F1 resists displacement when being aecommodatsd in the casing 8. This improves the 
breakage strength of the assembly 21 . in the ceramic filter assembly 21 of Fig. 6, the seat layer 1 5 does not include 
cross-like portions. It is considered that this contributes to improvement of the breakage strength. Further, since the 
thermal conductivity In the radial direction of the assembly 21 is further improved, the thermal uniformity of the 
assembly 21 is further enhanced. 

(e) Instead of the honeycomb filters F1 , the filters may have a three-dimensional mesh structure, a foam-like structure , 
a noodle-like structure, or a fiber-like structure. 

fd) Prior to the outer form cutting process, the form of the filter F1 is not limited to the elongated square shape and 
may have a triangular pole-iike shape or a hexagonal pole-like shape. Further, the assembly 9 does not necessarily 
have to be formed to have a round cross-section during the outer form cutting process and may be formed to have 
a, for example, oval cross-section. 

[0082] Fig. 7 is a perspective view showing a honeycomb filter F 1 0 of a ceramic filter assembly in a second embodiment 
of the present Invention. Fig. 8 is an enlarged cross-sectional view showing the main portion of the exhaust gas purification 
apparatus. The comers on the outer surface of the honeycomb filter F10 are curved to define round surfaces 18. It is 
required that the radius of curvature of the round surfaces 18 be R=0.3 to 2.5mm. It is further preferred that the radius 
of curvature be R=0.7 to 2.5mm, and particularly preferred that the radius of curvature be R=1 .0 to 2.0mm. 
[0083] When the radius of curvature R is 0.3mm or less, the corners are still angulated. Thus, the concentration of 
stress to the corners cannot be sufficiently avoided and the corners may chip or crack. On the other hand, if the radius 
of curvature R exceeds 2 .5mm, the cross-sectional area of tte honeycomb filter F 1 decreases. This reduces the effective 
number of ceils and decreases the filtering capability of the assembly 29. 

[0084] The ceramic filter assembly of the second embodiment is manufactured by chamfering each corner of an 
elongated square honeycomb molded product piece and forming the round surfaces 18 with the predetermined radius 
of curvature R. 

(Example 2-1 ) 

[0085] In example 2-1 , the ceramic filter assembly 29 was manufactured by drying molded products with a microwave 
dryer, cutting off each comer to perform chamfering, and forming the round surfaces 18 of R=1Jmm. The other steps 
are in accordance with example 1-1 . 

[0086] An assembly 29 obtained in the above manner was actually supplied with exhaust gas. After a predetermined 
time, the assembly 29 was removed and observed with the naked eye. 

[0087] The result revealed that there were no cracks originating from the corners in the seal layer 15. Further, there 
was no chipping of the comers. Accordingly, it has become apparent that the assembly 29 of the example 2-1 is extremely 
superior in strength. 

(Examples 2-2, 2-3) 

[0088] In example 2, the ceramic filter assembly 9 was manufactured by setting the radius of curvature of the round 
surfaces 18 at R=0.4mtn and forming the other portions basically in the same manner as in example 2-1 . In example 
2-3, the ceramic fitter assembly 29 was manufactured by setting the curvature of the round surfaces 18 at R=2.4mm 
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and forming the other portions basically In the same manner as in example 2-1 . 

[0089] Then, the obtained two types of the assembly 29 were used for a certain time period in the same manner as 
example 2-1 and observed with the naked eye. A preferable result similar to that of example 2-1 was obtained. In other 
words, it has become apparent that the assemblies 29 of the examples 2-2, 2-3 are superior in strength. 

9 

(Example 2-4) 

[00301 lf1 example 2-4, the ceramic Alter assembly 29 was manufactured by using a seal layer forming paste in the 
same manner as in example 1-4 and forming the other portions in the same manner as in example 2-1. The thickness 
'o of the seal layer was set at 1 .0mm, and the radius of curvature of the round surface 1 8 of each corner was set at R=1 .5mm. 
[0091] Then, the obtained assembly 29 was used for a certain time period in the same manner as example 2-1 and 
observed with ttie naked eye. A preferable result similar to that of Bxampte 2-1 was obtained. In other words, it has 
become apparent that the assembly 29 of example 2-4 is superior in strength. 

« (Example 2-5) 

[0092] In example 2-5, the ceramic filter assembly 29 was manufactured by using a seat layer forming paste in the 
same manner as in example 1 -5 and forming the other portions in the same manner as in example 2-1 . The thickness 
of the sea! layer was set at 1 .0mm, and the radius of curvature of the round surface 1 8 of each corner was set at R=1.5mm. 
20 [@093] Then, the obtained assembly 29 was used for a certain time period in the same manner as example 2-1 and 
observed with the naked eye. A preferable result similar to that of example 2-1 was obtained. 

(Comparative Example 2-1) 

25 [0094] in comparative example 2-1 , the ceramic filter assembly 9 was manufactured without chamfering the corners 
and forming the other portions in the same manner as in example 2-1 . Thus, the honeycomb filters F1 of the assembly 
29 have anguiated comers. 

[009S] Then, the obtained assembly 29 was used for a certain time period in the same manner as example 2-1 and 
observed with the naked eye. Cracks and chipping caused by stress concentration were discovered at multiple locations, 
so Accordingly, the assembly 29 was inferior in strength. 

[0096] The ceramic filter assembly of the second embodiment has the advantages discussed below. 

(1) The corners on the outer surface of the honeycomb filter F1 are round surfaces 18 having a curvature in an 
optimal range. This avoids stress concentration at the corners. Accordingly, the chipping of the corners of the 

3S honeycomb filter F1 , the cracking of the seal layer 1 5 from the corners is prevented, and the ceramic filter assembly 

29 resists breakage. This increases the strength of the assembly 29 and improves the strength and filtering capability 
of the exhaust gas purification apparatus 1 , which employs the assembly 29. 

(2) The assembly 29 employs the honeycomb filter 1 , which is made of honeycomb sintered porous silicon carbide. 
*o As a result, the obtained assembly 29 has a higher filtering capability, less pressure loss, and superior heat resistance 

and heat conductance characteristics. 

[0097] The second embodiment may be modified as described below. 

[00983 wttn reference to Fig. 9, the present invention may be embodied in a ceramic filter assembly 221 by offsetting 
is the filters F1 from one another In a direction perpendicular to the filter axial direction. 

[0099] Instead of forming the round surfaces 1 8 by chamfering the corners, the round surfaces may be formed simul- 
taneously when molding the honeycomb molded product with a mold. 

[0100] The honeycomb filter F1 is not required to be shaped into a rectangular pole, which has a square cross-section, 
prior to the outer form cutting process. For example, as shown in Fig. 10, a honeycomb filter F2G may be formed into a 
so rectangular pole having a rectangular cross-section . Further, a honeycomb fitter F30 may be triangular as Shown in Fig. 
11, and a honeycomb filter F40 may be hexagonal as shown in Fig. 12. 

[0101] Fig. 13 is a schematic cross-sectional view showing a ceramic filter 39 according to a third embodiment of the 
present invention. 

[0102] Referring to Fig. 13 and Fig. 14(b), the ceramic filter assembly 39 of the third embodiment has an outer surface 
55 39c to which a ceramic smoothing layer 1 6 is applied . The smoothing layer 1 6 is made of a ceramic material that includes 
at least ceramic fibers and a binder, it is preferred that the ceramic material includes inorganic particles, such as silicon 
carbide, silicon nitride, and boron nitride. It is preferred that an inorganic binder, such as silica sol or alumina so!, or an 
organic binder, such as a polysaccharide, be used as the binder. It is preferred that the ceramic material be formed by 
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binding three-dimensionally intersecting ceramic fibers and inorganic particles with a binder. It is preferred that the 
smoothing layer 16 be formed from the same type of material as the seal layer 15, and especially preferred that the 
smoothing layer 16 be made of exactly the same material as the seat layer 15. 

[0103] It is preferred that the thickness of the smoothing layer 16 be 0. 1 mm to 1 0mm, further preferred that the thickness 
$ be 0.3mm to 2mm, and optimal that the thickness be 0.5mm to 1mm. If the smoothing layer 16 is too thin, pits 17 that 
are termed in the outer surface 9c of the ceramic filter assembly 9 cannot be completely filled. Thus, gaps tend to remain 
in such locations. On tee other hand, if the smoothing layer 16 is thickened, the formation of the layer may become 
difficult, and the diameter of the entire assembly 9 may be enlarged. 

[0104} It is preferred that the seal layer 15 be formed thinner than the smoothing layer 16, and more particularly, be 
fo formed in the range of 0.3mm to 3mm. When the seal layer 1 5 is thinner than the smoothing layer, the filtering capacity 
and the thermal conductance are prevented from being decreased beforehand. 

[0105] The procedure for manufacturing the ceramic filter assembly 39 will now be described with reference to Fig. 14. 
[01061 First, a ceramic raw material slurry used during an extrusion process, a seating paste used during an end 
surface sealing process, a seal layer formation paste used during a filter adhesion process, and a smoothing layer 
formation paste are prepared. When using the seal layer formation paste to form the smoothing layer, tie smoothing 
layer formation paste does not have to be prepared. 

[0107] The ceramic raw material slurry is prepared by combining and kneading predetermined amounts of an organic 
binder and water with silicon carbide particles. The sealing paste is prepared by combining and kneading an inorganic 
binder, a lubrieative agent, a plastic agent, and water with silicon carbide powder. The seal layer formation paste (smooth- 
20 ing Saver formation paste) is prepared by combining and kneading predetermined amounts of an inorganic fiber, an 
Inorganic binder, an organic binder, Inorganic particles, and water. 

[0108] Next, the ceramic raw material slurry is put into an extruder and continuously extruded from a mold. Afterward, 
the extruded honeycomb molded product is cut into equivalent lengths to obtain elongated square honeycomb molded 
product pieces. Further, a predetermined amount of the sealing paste is charged into one of the openings of each cell 
25 in the cut pieces to seal both end surfaces of each cut piece. 

[0109] Then, main sintering is performed by setting predetermined conditions, such as the temperature and time, to 
completely sinter the honeycomb molded pieces and the sealing bodies 14. All of the sintered porous silicon carbide 
filters F1 obtained in this manner are still square pole-shaped. 

[01 10] The sintering temperature is set to 2, 1 00" C to 2, 300' C in the present embodiment to obtain the average pore 
30 diameter of 6 /t m to 15 n m and a porosity of 35% to 50%. Further, the sintering time is set to 0.1 hours to 5 hours. 
Further, the interior of a furnace has an inert atmosphere during sintering, and the pressure in that atmosphere is the 
normal pressure. 

[0111] Then, after forming a ceramic bedding layer to the outer surface of the fitters F1 as required, the seal layer 
formation paste is applied thereto. The outer surfaces of sixteen of such filters F1 are adhered to each other and thus 
3S integrated. At this point, the ceramic filter assembly 39A as a whole has a square cross-section, as shown in Fig. 14(a). 
[®112| In the foliowing outer form cutting process, the assembly 39A, which has been obtained through the fitter 
adherence process and has a square cross-section, is ground to form the outer shape of the assembly 9 by eliminating 
unnecessary sections from the peripheral portion of the assembly 39A. 

[0113] As a result, the ceramic filter assembly 39 having around cross-section is obtained, as shown in Fig. 14(b) Cell 
<"> walls 13 are partially exposed from the surface formed during the outer form cutting. Thus, pits 17 are formed in the 
outer surface 39c. The pits 17 are about 0.5mm to 1mm and are defined by ridges and valleys extending in the axial 
direction of the assembly 39 (i.e., the longitudinal-direction of the filters F1). 

[01 14] In the following smoothing layer forming process, the seal layer formation paste is used as the smoothing layer 
formation paste and uniformly applied to the outer surface 9c of the assembly 39. This completes the ceramic filter 
« assembly 39 shown in Fig. 14(c). 

Comparative Example 3-1 

[01151 

(1) 51 .5wt% of a silicon carbide powder and 22wt% of |J silicon carbide powder were wet-mixed. Then, 6.5wt% of 
the organic binder (methyl cellulose) and 20wt% of water were added to the obtained mixture and kneaded. Next, 
a small amount of the plastic agent and the iubricative agent were added to the kneaded mixture, further kneaded, 
and extruded to obtain the honeycomb molded product 

55 

(2) Then, after drying the molded product with a microwave dryer, the through holes 1 2 of the molded product were 
sealed by the sealing paste made of sintered porous silicon carbide. Afterward, the sealing paste was dried again 
with the dryer. After the end surface sealing process, the dried body was degreased at400"C and then sintered for 
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about three hours at 2,200"C in an argon atmosphere at normal pressure. This obtained the porous, honeycomb, 
silicon carbide filters F1 . 

(3) 23.3wt% of a ceramic fiber {alumina silicate ceramic fiber, shot content 3%, fiber length 0.1mm - 100mm), 
s 30.2wt% of silicon carbide having an average grain diameter of 0.3 /* m, 7wt% of silica so) (the converted amount 

of Si0 2 of the sol being 30%) serving as the inorganic binder, 0.5wt% of carboxymethyl cellulose serving as the 
organic binder, and 39wt% of water were mixed and kneaded. The kneaded material was adjusted to an appropriate 
viscosity to prepare the paste used to form the seal layer 1 5 and the smoothing layer IS. 

io (4) Then, the seal layer forming paste was uniformly applied to the outer surface of the filters F1 . Further, in a state 

in which the outer surfaces of the filters F1 were adhered to one another, the filters F1 were dried and hardened 
under the condition of §0°C to 100*C x 1 hour. As a result, the seal layer 15 adhered the filters F1 to one another. 
The thickness t1 of the seat layer 15 was set at 1 .0mm. 

's (S) Next, the peripheral portion was cut to shape the peripheral portion and complete the ceramic filter assembly 

39, which has a round cross-section. Then, the sea! and smoothing paste was uniformly applied to the expose outer 
surface 39c. The smoothing layer 16 having a thickness of 0.6mm was dried and hardened under the condition of 
SOX to 100X x 1 hour to complete the assembly 39. 

20 [0116] The assembly 39 obtained in the above manner was observed with the naked eye. The pits 17 in the outer 
surface 39c were substantially completely filled by the smoothing layer 16, and the outer surface 39c was smooth. 
Further, there were no cracks in the boundary portions of the smoothing layer 16 and the seat layer 15. Accordingly, 
this indicates that the levels of adhesion and seal were high at the boundary portions. 

[0117] No gaps were formed in the outer surface 9c of the assembly 39 when accommodating the assembly 39 
& encompassed by the thermal insutative material in the casing 8. Further, when actually supplying exhaust gas, there 
was no leakage of the exhaust gas through the gaps in the outer surface 39e from the downstream side. It Is thus 
apparent that exhaust gas is efficiently processed. 

Comparative Example 3-2 

[01 18] in comparative example 3-2, the seal and smoothing paste was prepared by mixing and kneading 25wt% of a 
ceramic fiber (mullite fiber, shot content rate 5wt%, fiber length 0. 1 mm-1 00mm), 30wt% of silicon nitride powder having 
an average grain diameter of 1.0 fim, 7wt% of alumina sol (the conversion amount of alumina sol being 20%) serving 
as an inorganic binder, 0.5wt% of poly vinyl alcohol serving as an organic binder, and 37.5wt% of alcohol. The other 

35 portions were formed in accordance with comparative example 3-1 to complete the ceramic filter assembly 39. 

[0119] Then, observations were made by the naked eye in the same manner as comparative example 3-1. The pits 
17 in the outer surface 39c were substantially completely filled by the smoothing layer 16. Further, there were no cracks 
in the boundary portions of the smoothing layer 18 and the seal layer 15. Accordingly, this-lndicates that the levels of 
adhesion and seal were high at the boundary portions. 

to [01 20] No gaps were formed in the outer surface 39c of the assembly 39 during usage. In addition, leakage of exhaust 
gas through gaps in the outer surface 39c did not occur. It is thus apparent that exhaust gas was efficiently processed 
in comparative example 3-2 in the same manner as comparative example 3-1. 

Comparative Example 3-3 

[0121] In comparative example 3-3, the seal and smoothing paste was prepared by mixing and kneading 23wt% of a 
ceramic fiber (alumina fiber, shot content rate 4wt%, fiber length 0.1 mm-1 00mm), 35wt%of boron nitride powder having 
an average grain diameter of 1 fim, 8wt% of alumina so! (the conversion amount of alumina sol being 20%) serving as 
the inorganic binder, 0.5wt% of ethyl cellulose serving as the organic binder, and 35.5wt% of acetone. The other portions 

so were formed in accordance with example comparative 3-1 to complete the ceramic filter assembly 39. 

[0122] Then, observations were made by the naked eye in the same manner as comparative example 3-1. The pits 
17 in the outer surface 39c were substantially completely filled by the smoothing layer 16. Further, there were no cracks 
in the boundary portions of the smoothing layer 16 and the seal layer 15. Accordingly, this indicates that the levels of 
adhesion and seal were high at the boundary portions. 

ss [01 23] No gaps were formed in the outer surface 39c of the assembly 39 during usage. In addition, leakage of exhaust 
gas through gaps in the outer surface: 39c did not occur. It is thus apparent that exhaust gas was efficiently processed 
in comparative example 3-3 in the same manner as comparative example 3-1 . 
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Comparative Example 3-4 

[01 24] In {hiscomparative example, the smoothing layer 1 6 was not formed on the outer surface 39e. The other portions 
were formed irt accordance with comparative example 3-1 to complete a ceramic filter assembly. 
5 [0125] Then, observations were made by the naked eye in the same manner as comparative example 3-1 . There were 
pits 17 in the outer surface 3-9c. Thus, gaps were formed in the outer surface 3-9c during usage of the assembly, and 
gas leakage through the gaps occurred. Accordingly, in comparison with comparative examples 3-1 to 3-3, it is apparent 
that the exhaust gas processing efficiency was inferior. 

[0126] Accordingly, the ceramic filter assembly 39 has the advantages described below. 

(1) The smoothing layer 16 fills the pits 17 and smoothes the outer surface 9c. Accordingly, gaps are not formed In 
the outer surface 39c when the assembly 39 is retained. This prevents the leakage of exhaust gas. As a result, the 
ceramic filter assembly 39 has superior exhaust gas processing efficiency. This, in turn, results in the exhaust gas 
purification apparatus 1 having superior exhaust gas processing efficiency, 
is The smoothing layer 16 is made of ceramic and thus has superior adhesion with the filter F1 ,i which is made of a 

sintered porous ceramic, and superior heat resistance. Accordingly, even if the assembly 39 is exposed to a high 
temperature of several hundred degrees Celsius, the smoothing layer 16 is not burned nor deformed. Thus, the 
desired adhesion strength is maintained. 

£0 (2) The thickness of the smoothing layer 16 is set in the preferred range of 0.1 mm to 10mm. This prevents the 

leakage of exhaust gas without making the manufacture of the assembly 39 difficult. 

(3) The seal layer 15 is thinner than the smoothing layer 16. This prevents the filtering capability and the thermal 
conductivity from decreasing. 

25 

(4) The smoothing layer 16 is made from the same material as the seal layer 15. Since the coefficient of thermal 
expansion of the smoothing layer 16 and that of the seal layer 15 are the same, the boundary portions of the seal 
and smoothing layer 15, 16do not crack. In other words, high adhesiveness, sealing, and reliability of the boundary 
portions are ensured. 

30 Further, a smoothing layer formation paste does not have to be prepared in addition to the seal layer formation 

paste. This facilitates the manufacture of the assembly 39 and avoids an increase in the manufacturing cost. 

(5) The following may be used as the material for forming the seal layer 15 and the smoothing layer 16. An elastic 
material including at least an inorganic fiber, an inorganic binder, an organic binder, and inorganic particles and 

35 bound to one another by the inorganic binder and the organic binder may be used. 

[01 27] Such material has the advantage described beiow. The materia! has satisfactory adhesion strength in both low 
temperature and high temperature ranges. Further, the material is an elastic material. Thus, when thermal stress is 
applied, the thermal stress is relieved, Further, the material has superior thermal conductance. Thus, heal is uniformly 
«5 and quickly conducted to the entire assembly 39. This enables efficient exhaust gas processing. 
[0128] The third embodiment of the present invention may be modified as described below. 

(a) As shown in Fig. 1 5, the present invention may be embodied in a ceramic filter assembly 321 by offsetting the 
filters F1 from one another in a direction perpendicular to the filter axial direction. 

45 

(b) The smoothing layer 16 may be formed from a ceramic material that differs from that of the seal layer 15. 

(c) The smoothing layer 1 6 may have the same thickness as the seal layer 1 5 or may have a greater thickness than 
the seal layer 15, 

50 

(d) In addition to forming the smoothing layer 16 by employing an application technique, other methods, such as a 
printing technique, a staining technique, a dip technique, and a curtain coat technique, may be employed. 

[0129] Fig. 16 is a schematic perspective view of a ceramic fitter assembly 49 according to a fourth embodiment of 
55 the present invention. The ceramic filter assembly 49 is formed by a plurality of rectangular pole-like honeycomb filters 
F100. 

[01 30] In each honeycomb filter F100, the flow direction of the exhaust gas {direction perpendicular to the filter end 
surface), which is the processed fluid, is defined as the filter length L (mm). Further, the area obtained when cutting 
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each honeycomb filter F1G0 in a direction perpendicular to the flow direction (in other words, parallel to the filter end 
surface) is defined as the filter cross-sectional area S (mm?). 

[01311 In this case, the US value must be 0 06mm/mm 2 to 0.75rnm/mm 2 . It is preferred that the US value be 
0.10mm/mm 2 to Q.60mm/mm 2 , and most preferred that the US value be 0.15mm/mm 2 to 0 40mm/mm 2 
[01 32] When the US value exceeds 0.75mm/mm 2 , a temperature difference is produced in the longitudinal direction 
of the filter. As a result, a high level of thermal stress is applied to the honeycomb filter F100 thereby permitting cracks 
to easily form. On the other hand, when the US value is 0.06mrn/mm 2 or less, a temperature difference is produced in 
a direction perpendicularto the filter longitudinaldirection. This also applies a high level of thermal stress to the honeycomb 
filter F1O0 thereby permitting cracks to easily form. 

[01331 It is specifically preferred that the filter length L be 120mm to 300mm, and especially preferred that the filter 
length be 140mm to 2O0mm. It is specifically preferred that the filter cross-sectional area S be 400mm 2 to 2,500mm 2 , 
and especially preferred that the cross-sectional area S be 600mm 2 to 2,000mm 2 , and especially preferred that the 
cross-seetfonal area S be 600mm 2 to 2,000mm 2 . When the values of L and S are outside the preferred range, a tem- 
perature difference is produced in the honeycomb filter F100. As a result, a large level of thermal stress easily forms. 

(Example 4-1) 

[01341 basically, the same assembly 49 as that of example 1-1 was manufactured. The height W of the filter F100 
was 33mm, the width W2 was 33mm, and the length L was 167mm. Accordingly, the filter cross-sectional area S was 
1 ,08§mm 2 , and flie US value was 0.1Smm/mm 2 (=167/1089). 

[61351 Then, the thermal insulative material 10 was wrapped around the assembly 49. In this state, the assembly was 
retained in the casing 8 and actually supplied with exhaust gas. 

[0136] Referring to Fig. 18(A)and 18(B), thermocoupfes were embeddedin each ofiocationsPI to P6 and temperatures 
T1 to T6 were respectively measured for a certain period, respectively. Further, maximum temperature differences A T 
( S C) at each of the locations P1 to P6 were obtained. The white arrow in the drawing shows the direction of the exhaust 
gas:f!ow. The temperature measurement was conducted on the honeycomb fitter F100 denoted with reference character 
X:tn Ffg. 16. 

[01371 After a predetermined time, the assembly 49 was taken out and the honeycomb filters F1 00 were each observed 
with the naked eye. As a result, the maximum temperature difference AT("C) of example 4-1 was about 5 0 C, the value 
of which is extremely small. Further, cracks were not confirmed in any of the honeycomb filters F100. 

(Examples 4-2 to 4-6) 

[01381 I" examples 4-2 to 4-6, the assembly 49 was manufactured in the same manner as example 4-1. However, in 
example 4-2, the height W1 of each honeycomb filter F100 was set at 50mm, the width W2 was set at 50mm, and the 
length L was set at 150mm. Accordingly, the filter cross-sectionai area S was 2,500mm 2 , and the US value was 
(150/2,500=) 0.06mm/mm 2 . 

[0139] In example 4-3, the height W1 was set at 20mrn, the width W2 was: set at 20mm, and the length L was set at 
300mm. Accordingly, the filter cross-sectional area S was 4,000mm 2 , and the US value was (300/400=) 0.75m m/mm 2 . 
[0140] In example 4-4, the height W1 was set at 33mm, the width W2 was set at 33mm, and the length L was set at 
230mm. Accordingly, the filter cross-sectional area S was 1 ,089mm 2 , and the US value was (230/1089) 0.21 mm/mm 2 . 
[0141] In example 4-5 the height W1 was set at 25m, the width W2 was set at 25m, and the length L was set at 300mm. 
Accordingly, the filter cross-sectional area S was 625mm 2 , and the US value was (300/625=) ©.48mm/mm 2 . 
[0142] In example 4-6 the height W1 was set at 22m, the width W2 was set at 22m, and the length L was setat 300mm. 
Accordingly, the filter cross-sectional area S was 484mm 2 , and the US value was (300/484=) 0.62mm/mm 2 . 
[0143] An experiment was conducted on the five types of assemblies 59 in the same manner as in example 4-1 . As 
a result, the maximum temperature difference AT(°C) was about 0°C to 1G°C, the values of which are extremely small. 
Further, no cracks were confirmed in any of the honeycomb filters F100. 

Comparative Example 4-1 

[0144] In comparative example 4-1, the assembly 49 was manufactured in the same manner as in example 4-1. 
However, the height W1 of each honeycomb filter F 1 00 was set at 20mm, the width W2 was set at 20mm, and the length 
L was set at 400mm. Accordingly, the filter cross-sectionai area S was 1 ,000mm 2 , and the US value was (400/400=) 
1 .G0mm/mm 2 . 

[014S] An experiment was conducted on the assembly 49 in the same manner as in example 4-1. As a result, the 
maximum temperature difference AT(°C) was about 30°C and greater than each embodiment. The length L in comparative 
example 4-1 was especially long. Thus, there was a tendency in a temperature difference being produced in the fongi- 
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tudinal direction of the filter. 

[0146] Further, cracks were confirmed in some of the honeycomb filters F100, and the honeycomb filters F100 were 
damaged. 

$ (Comparative Example 4-2) 

[6147] In comparative example 4-2, the assembly 49 was manufactured In the same manner as in example 4-1 . 
However, the height W1 was set at 70mm, the width W2 was set at 70mm, and the length L was set at 1 67mm. Accordingly, 
the filter cross-sectional area S was 4,900mm 2 , and the US value was (167/4,900=) 0.03mm/mro 2 . 
10 [0148] An experiment was conducted on the assembly 49 in the same manner as in example 4-1 . As a result, the 
maximum temperature difference AT(°C) was about 2GX and greater than each embodiment. The filter cross-sectional 
area S in comparative example 4-2 was especially large. Thus, there was a tendency in a temperature difference being 
produced in a direction perpendicular to the longitudinal direction of the filter. Further, cracks were confirmed in some 
of the honeycomb filters F100, and the honeycomb filters F100 were damaged. 

[0149] The advantages of the ceramic filter assembly 49 of the fourth embodiment will be discussed below. 

(1) 8y setting the ratio L/S between the filter length L and the fitter cross-sectional area in the preferable range, the 
production of a large thermal stress is prevented without producing a large temperature difference in each of the 
honeycomb filters F100. This prevents cracks from being produced in the honeycomb filters F1 00 and the honeycomb 
20 filters F100 resist being damaged. Due to the increase in the strength of each honeycomb fitter F1©0, the ceramic 

filter assembly 49 is manufactured with superior strength. Further, the employment of the assembly 49 increases 
the strength of the exhaust gas purification apparatus 1 and enables usage over a long period. 

[01 SO] The fourth embodiment may be modified as described below. 

25 

(a) As long as the condition of the US value being In the range of OOemm/mm 2 to 0.75mm/mm 2 is satisfied, the 
form of the honeycomb filter F1G0 may be changed to a cylindrical pole-like shape, a triangular pole-like shape, or 
a hexagonal pole-iike shape. 

30 (b) In addition to using the honeycomb filters F1 00 as a member forming the ceramic filter 49, the honeycomb filter 

F100 may be used as an independent filter. 

[0151] Fig. 19 is a perspective view showing a honeycomb filter 59 having a honeycomb structure according to a fifth 
embodiment of the present invention. Fig. 20 is a cross-sectional view taken along line 20-20 of the filter 59 of Fig. 19. 

35 Fig. 21 is a cross-sectional view showing a main portion of an exhaust gas purification apparatus. 

[9152] It is preferred that the cell density of the honeycomb filter 59 be IB/era^ 120/ineh z ) or greater, and more 
specifically, be in the range of 18/cm 2 to 28/cm 2 (120 to 180/inch 2 ). When the cell density is less than le/cm^iao/inch 2 ), 
the area of contact with the exhaust gas decreases. This lowers the purification capability of the honeycomb filter 9. 
[01 53] It is preferred that the th iekness of the ceil wall 1 3 be 0.46mm or less, and more specifically be in the range of 

40 0,2© to 0.4©mm. When the thickness of the cell wall 13 exceeds 0.46mm, the opening area of the cell decreases and 
the area of contact with the exhaust gas decreases. This lowers the purification capability of the honeycomb filter 9. 
Further, if the cell wall 13 is made thicker than 0.46mm while maintaining the cell opening area, the entire honeycomb 
filter 9 is enlarged. 

[0154] It is preferred that the average pore diameter of the honeycomb fitter 9 be 5/* m to 1 5 fi m, and further preferred 
4S that foe average pore diameter be 8fim to 1 2^m. If the average pore diameter is less than S jj,m , the deposit of particulates 
dogs the honeycomb filter 9. This increases pressure loss. Thus, the driving performance of the vehicle falls, fuel 
efficiency decreases, and the driving feel becomes unsatisfactory. On the other hand, if the average pore diameter 
exceeds 50 fxm, fine particles cannot be trapped . This decreases the trapping efficiency and deteriorates the particulate 
filtering function. 

so [01 55] It is preferred that the porosity of the honeycomb filter 9 be 30% to 50%, and further preferred that the porosity 
be 35% to 49%. If the porosity is less than 30%, the honeycomb filter 9 becomes too dense. This hinders the interior 
flow of exhaust gas. If the porosity exceeds 50%, the number of pores in the honeycomb filter 9 becomes excessive. 
This may decrease the strength and lower the trapping efficiency of fine particles. 

[01 56] Among the pores of the honeycomb fitter 9, it is preferred that 20% or more be through pores. More specifically, 
$$ it is preferred that 20% to 80% be through pores, and especially preferred that 20% to 50% be through bores. A through 
bore refers to a gap that extends through a cell wall 13 and connects adjacent holes 12. If the through pores are less 
than 20% of the pores, the pressure loss becomes large . Thus, the driving performance of the vehicle falls, fuel efficiency 
decreases, and the driving feel becomes unsatisfactory. On the other hand, if the through pores exceed 80% of the 
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pores, manufacture may become difficult and cause stable materia) supply to be difficult. 

[0157] It is preferred that total volume of the honeycomb filter 9 be 1 /4 to 2 times the total displacement of the engine. 
!t is further preferred that the total volume be 1/2 to 1 .5 times the total displacement, if the value is less than W4. the 
deposit of particulates dogs Hie honeycomb filter 9. If the value exceeds 2 times, Hie honeycomb filter 9 is enlarged. 
When tie honeycomb filter 9 is enlarged, there is a tendency of the temperature differing between portions of the filter 
9 during combustion, This increases the thermal stress applied to the honeycomb filter 9 and increases the possibility 
of the formation of cracks. 

[01581 The honeycomb filter 9 is made of sintered porous silicon carbide, which is a type of sintered carbide. The 
impurities included in the sintered porous silicon carbide is 5wt% or less. It is preferred that the amount of impurities be 
1 wt% or less and it is especially preferred that the amount of impurities be 0. 1 wi% or less. If the impurities exceed 5wt%, 
impurities concentrate at the grain boundary of the silicon carbide crystal grains and significantly decreases the strength 
at the grain boundary (strength bonding crystal grains ). This makes the grain boundary vulnerable to breakage. Impurities 
include At, Fe, O and free C. Like the honeycomb filter 9 , the honeycomb filter 9 is made of sintered porous silicon carbide. 

(Example 5-1 ) 

[0159J Basically, in the same manner as the example4-1 , the through holes 12 of the molded product were dried with 
a microwave dryer and then sealed with a sealing paste made of sintered porous silicon carbide. Afterward, the drier 
was used again to dry the seating paste. Subsequent to the end seating process, the dried product was decreased at 
4GQX and then sintered for about three hours at 2,2S0*C in an argon atmosphere under normal pressure. 
[0160] As a result, the produced sintered porous silicon carbide honeycomb filter 59 had a pore diameter of 10 fim, 
a porosity of 42%, a through pore existence rate of 25% relative to the pores, a cell density: of 23/cm 2 (150/inch 2 ). and 
a cell wall 13 thickness of 0.4mm. The honeycomb filter 59 had a diameter of 100mm, a length of 200mm, and a total 
volume of 2,300cm 3 . The total volume refers to the volume obtained by subtracting the volume of the through holes 12 
from the volume of the entire honeycomb filter 59. It is preferred that the thickness of the cell wall 13 foe 0.46mm or less, 
and more specifically, in the range of 0.20 to 0.4§mm. 

[0161] The". a thermal insulative material 1 0 was wrapped around the honeycomb filter 59. In this state, the honeycomb 
filter 59 was retained in the casing. An engine having a displacement of about 3,000cc was then used to supply the 
exhaust gas purification apparatus 1 with exhaust gas at a flow rate of 7nVsec. In this state, the pressure value of tee 
exhaust gas at the upstream side of the honeycomb filter 59 and the pressure value of the exhaust gas at the downstream 
side were measured. A pressure loss AP (mmAq), which is the difference between the values, was obtained. Further, 
the amount of soot at the rear side of the honeycomb filter 59 was measured to confirm the amount of particulates that 
were not trapped. Further, a certain time period, the honeycomb filter 59 was taken out and observed with the naked 
eye to confirm cracks. The results are shown in table 1 . 
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[0162] As shown in table t, the pressure loss AP in example 5-1 was about 80mmAq, the value of which is extremely 
small. The particulate leakage amount was about 0.01 g/km, the value of which is extremely small. The honeycomb filter 
9 had a fiexurai strength of 6,5Mpa and had an extremely high ievel of mechanical strength. There were no cracks in 
the honeycomb filter 9. 

(Example 5-2, 5-3) 

[01631 1" examples 5-2 and 5-3, the honeycomb filter 59 was manufactured basically in the same manner as in example 
5-1 . However, in examples 5-2 and 5-3, only the total volume of the honeycomb fitter 59 was the same as that of example 
5-1 . The mixture ratio, sintering temperature, sintering time, etc. were changed as described below to adjust the pore 
diameter, porosity, and the through pore existence rate relative to the pores. 

[0164] In the produced sintered porous silicon carbide honeycomb filter 59 of example 5-2, the pore diameter was fi 
m, the porosity was 32%, and the through pore existence rate was 30%. The same experiment as that of example 5-1 
was conducted. The pressure loss AP was about lOOmmAq, the value of which is extremely small. The particulate 
leakage amount was about 0.01g/km, the value of which is extremely small. The honeycomb filter SS had a flexural 
strength of 6.2Mpa and had an extremely high ievel of mechanical strength. Further, there were no cracks in the hon- 
eycomb filter 5S. 

[016S] in tine produced sintered porous siiicon carbide honeycomb filter 59 of example 5-3. the pore diameter was 14 
^n, the porosity was 48%, and the through pore existence rate was 45%. In the experiment result of this example, the 
pressure loss AP was about 60mmAq, the value of which is extremely small. The particulate leakage amount was about 
0.015g/km, the value of which is extremely small. The honeycomb filter 59 had a flexural strength of 6.0Mpa and had 
an extremely high level of mechanical strength. There were no cracks in the honeycomb fitter 59. 

(Comparative Examples 5-1 to 5-3) 

[0166] In comparative examples 5-1 to 5-3, honeycomb filters were manufactured basically in the same manner as 
in example 5-1 . However, in comparative example 5-1 , the total volume of the honeycomb fitter was 700cm 3 , which is 
less than 1/4 the displacement (3,000cc). Further, the pore diameter, porosity, and the through pore existence rate 
relative to the pores was as described below. 

[0167] In the produced sintered porous silicon carbide honeycomb filter of comparative example 5-1 , the pore diameter 
was 3/iirt, the porosity was 10%, and the through pore existence rate was 10%. In the experiment result of comparative 
example 5-1 , the pressure loss AP was about 300mmAq, the value of which is extremely large. The particulate leakage 
amount was about 0.005g/km. the value of which is extremely small. The honeycomb fitter had a flexural strength of 
7.2Mpa and had an extremely high level of mechanical strength. There were no cracks in the honeycomb filter. 
[0188] In comparative example 5-2, the total volume of the honeycomb filter was greater than that of examples 5-1-3 
and was 7,000cm 3 , which is two times or greater than the displacement (3,000cc). Further, in the produced sintered 
porous silicon carbide honeycomb filter, the pore diameter was 20/i.m, the porosity was 70%, and the through pore 
existence rate was 1 5%. In the experiment result of comparative example 5-2, the pressure loss AP was about 40mmAq, 
the value of which is extremely small. The particulates leakage amount was about 0.04g/km, the value of which is 
extremely small. The honeycomb filter had a flexural strength of 2.5Mpa and satisfactory mechanical strength was not 
obtained. There were no cracks in the honeycomb filter. 

[0169] In comparative example 5-3. a eordierite honeycomb filter was produced through a known manufacturing 
method that differs from the manufacturing method of comparative examples 5-1 and 5-2. The total volume of the 
honeycomb filter was 700cm 3 . In the honeycomb filter, the pore diameter was 30/im, the porosity was 20%, and the 
through pore existence rate was 15%. In the experiment result of comparative example 5-3, the pressure toss AP was 
about 120mmAq, the value of which is large. The particulate leakage amount was about 0.015g/km, the value of which 
is large. The honeycomb filter had a flexural strength of 3.1 Mpa and satisfactory mechanical strength was not obtained. 
There were no cracks in the honeycomb filter. 

[01 70] Table 1 shows the comparison result of examples 5-1 to 5-3 and comparative examples 5-1 to 5-3, as described 
above. 

(Experiment Result) 

[01 71] As apparent from table 1 , it was confirmed that exhaust gas passed smoothly through all of the honeycomb 
filters 59 in examples 5-1 to 5-3. Further, the particulate leakage amount was substantially null, and the required me- 
chanical strength of the honeycomb filter was obtained. In comparison, the required mechanical strength of the honey- 
comb fitter was obtained In comparative example 5-1. However, exhaust gas did not pass smoothly through the honey- 
comb filter. Further, tn comparison example 5-2. exhaust gas passed smoothly through the honeycomb fitter. However, 
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the required mechanical strength was not obtained, tn comparative example 5-3, exhaust gas did not pass smoothly 

through the honeycomb filter, and the required mechanical strength was not obtained. 

[01 72] The advantages of the honeycomb filter 59 of the fifth embodi ment will now be discussed. 

(1) The sintered porous silicon carbide honeycomb fitter 59 is arranged in tie casing 8, The honeycomb filter 59 is 
formed so that the average pore diameter is 5 to 15 ft m, the average porosity is 30 to 40%, and the through pore 
existence rate relative to the pores is 20% or greater. Since the honeycomb filter 59 is not excessively dense, exhaust 
gas passes smoothly through the interior, and pressure loss is decreased. This improves fuel efficiency and prevents 
deterioration of the driving fee). Further, since the amount of gaps in the honeycomb filter 59 is not excessive, fine 
particulates are trapped and the trapping efficiency is improved. Additionally, even if the honeycomb filter 59 is 
porous, satisfactory mechanical strength is obtained. Thus, the produced honeycomb filter 59 resists breakage 
caused by vibrations and thermal impact. 

(2) The honeycomb filter 59 is formed so that the average pore diameter is 8 to 12 /*m, the average porosity is 35 
to 49%, and the through pore existence rate relative to the pores is 20 to 50% or greater. Thus, the pressure loss 
is further decreased, and the strength is increased. 

(3) The end surfaces of the honeycomb filter 59 so that the sealing bodies 14 seal the cells alternately. The number 
of cells per square em (inch) is 18 or more (1 20 or more), and the thicknes of the cell wall 13 is 0.46mm or less. 
This increases the area of contact with the exhaust gas and increases the purification capability of the honeycomb 
filter 59. 

(4) The total volume of the honeycomb filter 9 is 1/4 to 2 times the total displacement of the diesel engine 2. Since 
the deposit amount of the particulates does not become excessive, clogging of the honeycomb filter 59 is prevented. 
Further, the honeycomb filter 59 is not enlarged. This prevents the occurrence of temperature differences between 
different locations of the honeycomb fitter 59 during combustion. Accordingly, the thermal stress applied to the 
honeycomb filter 59 is decreased and cracks are not produced. 

[0173] The fifth embodiment may be modified as described below. 

(a) The form of the honeycomb filter 59 is not limited to a cylindrical pole-like shape and may be changed to a 
cylindrical pole-like shape, a triangular pole-like shape, or a hexagonal pole-like shape. 

(b) As shown in Fig. 22, a plurality (16) of honeycomb filters 523 may be integrated to manufacture a ceramic filter 
assembly 521. In each polygonal honeycomb filter 523, the average pore diameter is 6 to 12 p.m, the average 
porosity is 35 to 49%, and 20 to 50% of the pores are through pores. The outer surfaces of the honeycomb fitters 
523 are connected to one another by a ceramic seat layer 522. 

[01 74] In a sixth embodiment, a specific surface area of the particles forming the cell wall 1 3 of the honeycomb filter 
59 is 0.1 m z /g or more, and more specifically, 0.1 to 1 m J /g. if the specific surface area of the cell walls 13 is Q,1m 2 /g or 
less, the deposit of the particulates clogs the honeycomb filter 59. This increases pressure loss and thus decreases the 
fuel efficiency of the vehicle and degrades the feeling drive. If the specific surface area exceeds 1 .0m 2 /g, fine particulates 
cannot tee trapped. This decreases the trapping efficiency and causes the filtering function of the honeycomb filter 59 
to become unsatisfactory. 

(Example 6-1) 

[0175] A honeycomb filter 59 was produced basically in the same manner as that of example 5-1 and the specific 
surface area of the particles forming the cell wall 13 was 0.3m 2 /g. In example 6-2 and the comparative example 6-1, 
honeycomb filters 59 were produced basically in the same manner as example 5-1 . The specific surface area of the 
honeycomb filter 59 of example 6-2 was 0.8m 2 /g, and the specific surface area of the honeycomb filter 59 of the com- 
parative example 6-1 was O.OSn^g. in each of the honeycomb fitters 50 of examples 6-1, 6-2 and the comparative 
example 6-1 , me cell density was 150/inch 2 and the thickness of the cell wall 13 was 0.4mm. 

[0176] The honeycomb filter 59 was wrapped by the thermal insulative material 10. In this state, the honeycomb filter 
59 was retained in the casing 8. A diesel engine 2 having a displacement of about 3,000cc was then used to supply the 
exhaust gas purification apparatus 1 with exhaust gas at a flow rate of 9m/sec. In this state, the pressure value of the 
exhaust gas at the upstream side of the honeycomb filter 59 a nd the pressure value of the exhaust gas at the downstream 
side were measured. A pressure loss AP (mmAq), which is the difference between the values, was obtained. The results 
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are shown in tabie 2. 



Table 2 





Example 1 


Example 2 


Comparative Example 6-1 


Specific Surface Area (rn 2 /g) 


0.3 


0.8 


O.QS 


Particulate Pressure Loss (mmAq) 


180 


120 


250 



[0177] As apparent from table 2, the pressure loss AP of the honeycomb filters 59 in example 6-1, example 6-2, and 
the comparative example was 180mmAq, 120mmAq, and 250mmAq, respectively. Accordingly, in examples 6-1 and 
8-2, a large pressure loss such as that of the comparative example 6-1 was not confirmed. 
[01 78] The honeycomb filter 59 of the sixth embodiment has the advantages described below. 

(1 ) In tie honeycomb filter 59, the specific surface area of the particles forming the cells wall 1 3 Is 0.1 m 2 /g or greater. 
Since the honeycomb filter 9 does not become excessively dense, exhaust gas passes smoothly thdugh the interior, 
and the pressure loss is decreased. Accordingly, fuel efficiency is improved and degradation of the driving feel Is 
prevented. In addition, the upper limit of the specific surface area of the particles is 1 .0m 2 /g. Thus, the gap amount 
of ttie honeycomb filter 59 is not excessive and the trapping of fine particles is ensured. This Improves the trapping 
efficiency. 

(2) The sintered silicon carbide cell wall 1 3 has superior heat resistance. This prevents the cell wall 13 from being 
deformed or burned away. Accordingly, fluid is efficiently purified over a long time period. 

(3) The porous cell wall 1 3 enables smooth passage of the exhaust gas and further decreases power loss. In addition, 
the trapping efficiency of particulates is further increased. 

[0179] The sixth embodiment may be modified as described below. 

[0180] A plurality (16) of honeycomb filters may be integrated to manufacture a ceramic filter assembly. The specific 
surface area of the cell wall of each honeycomb filter is 0.1 to 1 m 2 /g. 

INDUSTRIAL APPLICABILITY 

[0181] The ceramic filter assembly of the present invention may be applied to an exhaust gas purification filter of a 
diesel engine 2, a heat exchange device member, a filter for high temperature fluid or high temperature vapor, etc. 



Claims 

1. An Integral ceramic filter assembly (9) produced by adhering with a ceramic seat layer (15), which seal layer (15) 
has a thickness (t1 ) of 0.3mm to 3mm and a thermal conductance of 0. 1W/mK to 1 0W/mk outer surfaces of a plurality 
of filters (F1), each of which is formed from a sintered porous ceramic body, the ceramic filter assembly being 
characterized In that: 

the only ceramic material used to form the filter is a-silicon carbide. 

2. The ceramic filter assembly according to claim 1 , wherein the seal layer includes 1 Gwt%-70wt% of ceramic fiber as 
a solid. 

3. The ceramic filter assembly according to claim 1 or 2, wherein the sea! layer includes ceramic fibers having fiber 
lengths of 1mm-100mm. 

4. The ceramic filter assembly according to any one of claims 1 to 3, wherein the seal layer includes as a solid 3wt% 
to 80wt% of an inorganic grain. 

5. The ceramic filter assembly according to any one of claims 1 to 4, wherein the assembly is a diesel particulate filter, 

6. The ceramic filter assembly according to any one of claims 1 to 5, wherein the seal layer includes at least inorganic 
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fibers, an inorganic binder, an organic binder, and inorganic particles and is formed from an elastic material obtained 
by bonding the inorganic fiber 6 and inorganic particles, which three-dimenstonatly intersect one another, with the 
inorganic binder and the organic binder. 

7. The ceramic filter assembly. according to any one of claims 1 to 6, wherein the seal layer is formed from 10wt% to 
70wt% of silica-alumina ceramic fiber as:a soUd, 1wt% to 30wt% of silica soi, 0.1wt% to S.Gwi% of earboxymethyl 
cellulose, and 3wt% to 80wt% of silicon carbide powder. 

8. The ceramic filter assembly according to any one of claims 1 to 7, wherein the filters are arranged In a state offset 
from one another in a direction perpendicular to a filter axial direction. 

9. The ceramic filter assembly according to any one of claims 1 -8, wherein the filter has a plurality of cells, and each 
cell has an outer surface which carries at least one oxidation catalyst selected from a platinum group element, other 
metal elements and the oxides thereof. 

10. Theeeramicfilterassemblyaerordingtoanyoneof claims 

11. The ceramic filter assembly according to any one of claims 1-10, wherein the filter has a thermal conductance of 
20to80W/mk. 

1 2. The ceramic filter assembly according to any one of cla ims 1 -1 1 , wherein the assembly has an outer form in a round 
cross-section or oval cross-section. 

13. An exhaust gas purification apparatus including the ceramic filter assembly according to any one of claims 1-12 
arranged in a casing that Is located in an exhaust gas passage of an internal combustion engine. 

1 4. The exhaust gas purification apparatus according to 1 3 wherein a middle portion of the casing has a diameter larger 
than that of the exhaust gas passage. 

15. The exhaust gas purification apparatus according to 13 or 14, wherein a thermal insulative material composed of a 
mat-like material including ceramic fibers is arranged between the outer surface of the ceramic filter assembly and 
the inner surface of the casing. 



Patentansprtiche 

1. EinstOckige bzw. integrate keramische Filteranordnung (9), die durch ein Anhaften mit einer keramischen Versie- 
getungs- bzw. Dichtschicht (1 5), wobei die Versiegelungssehicht (1 5) eine Dicke (t1) von 0,3 mm bis 3 mm und eine 
thermische Leitfahigkeit von 0,1 W/mK bis 10 W/mK aufweist, an aufceren OberflSchen einer Mehrzahl von Fiitern 
(Ft) hergestellt ist, wobei jeder derselben aus einem gesinterten porSsen keramischen Korper gebitdet ist, wobei 
die keramische Filteranordnung dadurch gekennzeichnet ist, daB: 

das einzige keramische Material, das zum Ausbilden des Filters verwendet ist, a-Siiiziumcarbid ist. 

2. Keramische Filteranordnung nach Anspruch 1, wobei die Versiegelungssehicht 10 Gew.-% - 70 Gew.-% einer 
keramischen Faser als einen Feststoff enthalt. 

3. Keramische Filteranordnung nach Anspruch 1 oder2, wobei die Versiegelungssehicht keramische Fasern beinhaltet, 
die FaserlSngen von 1 mm ~ 100 mm aufweisen. 

4. Keramische Filteranordnung nach einem der Anspruche 1 bis 3, wobei die Versiegelungssehicht als einen Feststoff 
3 Gew.-% bis 80 Gew.-% eines anorganischen Korns enthalt. 

5. Keramische Filteranordnung nach einem der Anspruche 1 bis 4, wobei die Anordnung ein Dieseiteilchen- bzw. 
-partikelfilter ist. 

6. Keramische Filteranordnung nach einem der Anspruche 1 bis 5, wobei die Versiegelungssehicht wenigstens anor- 
ganisehe Fasern, ein anorganisches Bindemittel, ein organisches Bindemittel und anorganische Teilchen beinhaltet, 
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unci aus einem elastisehen Material gebildet 1st, das durch ein Bonden bzw. Verbinden der anorganischen Fasern 
und von anorganischen Teilehen, welche einander dreidimensiona! schneiden bzw. kreuzen , mit dem anorganischen 
Bindemittel und dem organischen Birtdemittel erhaften 1st. 

7. Keramische Filteranordnung nach einern der Anspruche 1 bis 8, wobei die Versiegetungsschicht aus 10 Gew.-% 
bis 70 Gew.-% einer Siliziumdioxid-Aluminiumoxid-Keramikfaser ais einem Feststoff, 1 Gew.-% bis 30 Gew.-% 
Siliziumdioxidsol, 0,1 Gew.-% bis 5,0 Gew.-% einer Carboxymethyiceilulose und 3 Gew.-% bis 80 Gew.-% Slllzl- 
umcarbidpulver gebildet 1st. 

8. Keramische Fifteranordnung nach einem der Anspruche 1 bis 7, wobei die Filter in einem voneinartder versetzten 
Zustand in einer Riehtung senkreeht zu einer Filteraxialrichtung angeordnet sind. 

9. Keramische Filteranordnung nach einem der Anspriiche 1-8, wobei der Filter eine Mehrzahl von Zellen aufweist 
und jede Zelle eine Aufienoberfla'che aufweist, weiche wenigstens einen Oxtdationskatatysator, gewahtt aus einem 
Platingruppenelement, anderen Metalieiementen und den Oxiden davon trSgt. 

1Q. Keramische Filteranordnung nach einem der Anspruche 1-9, wobei der Filter eine mittiere Porasit&t von 30 bis 70 
% aufweist. 

11. Keramische Filteranordnung nach einem der Anspruche 1-10, wobei der Filter eine thermische Leitfahigkeit bzw. 
Warmeleitfahigkeit von 20 bis 80 W/mK aufweist. 

12. Keramische Filteranordnung nach einem der Anspruche 1-11, wobei die Anordnung eine AuBenform in einem 
runden Quersehnitt oder einem ovalen Quersehnitt aufweist. 

13. Abgasreinigungsvorrichtung, enthaltend die keramische Filteranordnung nach einem der Anspruche 1-12, die in 
einem GehSuse angeordnet ist, welches in einem Abgasdurchtrftt einer Verbrennungskraftmaschine angeordnet 1st. 

14. Abgasreinigungsvorriehtung nach Anspruch 13, wobei ein mittlerer Absehnittdes GehSuses einen Durchmesser 
grofter als jenen des Abgasdurehtritts aufweist. 

15. Abgasreinigungsvorrichtung nach Anspruch 13 oder 14, wobei ein thermisch isofierendes Material, das aus einem 
mattenartigen Material zusammengesetzt ist, das keramische Fasern enthait, zwischen der Aufienoberflaehe der 
keramfschen Filteranordnung und der Innenoberflache des Gehauses angeordnet ist. 



Revindications 

1. Ensemble de filtre ceramique integral {9) produit en faisanf adherer a une couche de scellage ceramique (15), 
iaqueile couche de scellage (1 5) presente une epaisseur (t1 ) de 0,3 mm a 3 mm et une conduction thermique de 
0,1 W/mK a 1 0 W/mK, les surfaces externes d'une piuralite de filtres {F1 ), dont ehacun est forme a partir d'un corps 
ceramique poreux frttte, ('ensemble de filtre ceramique etant caractersse en ce que : 

le seul materiau ceramique utilise pour former le filtre est le carbure de silicium a. 

2. Ensemble de filtre ceramique selon la revendication 1 , dans lequet la couche de scellage comporte 10 % en poids 
a 70 % en poids de fibre ceramique comme solide. 

3. Ensemble de filtre ceramique selon la revendication 1 ou 2, dans lequel la couche de scellage comporte des fibres 
ceramiques presentant des longueurs de fibre de 1 mm a 100 mm. 

4. Ensemble de filtre ceramique selon I'une quelconque des revendications 1 a 3, darts lequel la couche de scellage 
comporte comme solide 3 % en poids a 80 % en poids d'un grain ihorganique. 

5. Ensemble de filtre ceramique selon Tune quelconque des revendications 1 a 4, dans iequel I'ensemble est un filtre 
a partieule diesel. 

6. Ensemble de filtre ceramique selon I'une quelconque des revendications 1 a 5, dans lequel la couche de scellage 
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Fig. 6 
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Fig. 8 
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Fig. 13 
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Fig. 15 
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